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CONTROL SIGNAL TRANSFERRING 
SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a network system includ 

ing a plurality of nodes Which are connected through physi 
cal or logical connections, and in particular to the arrange 
ment of each node in the netWork system Wherein a control 
signal is transferred from a sender node to a receiver node 
through at least one intermediate node. 

2. Description of the Related Art 
In a digital ring system Where a plurality of nodes are 

connected through transmission cables in a ring 
con?guration, several methods have been proposed for pro 
tecting netWork services against failure. One of the protec 
tion methods, a self-healing technique is knoWn Which 
provides traf?c protection by sWitching a Working line to a 
protection line When failures that affect the Working line 
occur. Recently attention has been given to the self-healing 
technique of the Bidirectional Line-Switched Ring (BLSR) 
system, Wherein the Automatic Protection SWitching bytes 
(hereinafter referred to as APS bytes) are used to implement 
the BLSR self-healing method. Such a method is disclosed 
in “SONET (Synchronous Optical Network) Bidirectional 
Line-SWitched Ring Equipment Generic Criteria” (GR 
1230-CORE Issue 1, December 1993). 
More speci?cally, consider a 4-?ber BLSR system as 

shoWn in FIG. 1, Wherein nodes N1—N4 are connected in a 
ring con?guration through Working lines BL1—BL4 and 
protection lines BL11—BL14. When detecting failures that 
affect the Working line BL4 and the protection line BL14, the 
node N1 generates a sWitch request using the APS bytes and 
transmits it to the destination node N4 Which is connected to 
the node N1 through the Working line BL4 and the protection 
line BL14. The APS bytes for the sWitch request are trans 
ferred to the node N4 through the Working lines BL1—BL3 
While passing through the nodes N2 and N3 Which are not 
its ?nal destination. When the APS bytes reach ?nal desti 
nation node N4, the node N4 performs the appropriate 
sWitch action according to the APS bytes received from the 
source node N1 and a con?rmation is sent back to the source 
node N1. In this manner, the BLSR protection sWitching is 
completed after the source node N1 receives the con?rma 
tion from the destination node N4. 

Referring to FIGS. 2A and 2B, in the SONET overhead, 
the APS bytes consist of a K1 byte and a K2 byte Which are 
used to coordinate sWitching activity. The last four bits of the 
K1 byte are used for the node ID of the destination and the 
?rst four bits of the K2 byte are used for the node ID of the 
source. The ?rst four bits of the K1 byte and the last four bits 
of the K2 byte are used for control data. The more detailed 
description is provided in the above document (6-13 to 6-17, 
GR-1230-CORE Issue 1, December 1993). 
As shoWn in FIG. 3, each node is comprised of a receiver 

11, a processing unit including an APS-byte analysis pro 
cessor 12, and a transmitter 13. The APS-byte analysis 
processor 12 analyZes the APS bytes received from one 
adjacent node and performs an appropriate activity such as 
the protection sWitching or enters the pass-through state 
according to the received APS bytes. More speci?cally, 
When the destination ID of the received APS bytes is not 
identical to the node’s oWn ID, the APS-byte analysis 
processor 12 transfers the received APS bytes, as is, to the 
neXt adjacent node. This pass-through state is referred to as 
a full pass-through state and the node in this state is referred 
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2 
to as an intermediate node. On the other hand, if the received 
APS bytes are at its destination node, that is, the destination 
ID of the received APS bytes is identical to the node’s oWn 
ID, the APS-byte analysis processor 12 performs the appro 
priate sWitching and transmits neW APS bytes indicating the 
acknoWledgment of the sWitch request back to the source 
node. In FIG. 1, the nodes N2 and N3 are intermediate nodes 
and the nodes N1 and N4 complete the protection sWitching 
When the source node N1 receives the neW APS bytes from 
the destination node N4. 

In the above conventional transferring system, hoWever, 
the APS-byte analysis processor 12 of each node located 
betWeen the source and destination nodes included performs 
the APS-byte analysis and processing each time APS bytes 
are received. In general, the processing time TPRO required 
for the APS-byte analysis and processing is of the order of 
several milliseconds, Which is obtained by the equation: 
TPRO= DBT+TGEN+TOUT, Where TDET is the time required 
for detection of the APS bytes, TGEN is the time required for 
generation of neW APS bytes, and TOOT is the time required 
for output processing of the neW APS bytes. 

Therefore, rapid protection sWitching cannot be achieved 
Without providing each node With the very high-speed 
processing unit. In general, the elapsed time from failure 
detection to protection sWitching completion can be 
obtained as the sum of the time required for sWitching at 
both source and destination nodes and the transmission 
delay time. Since the transmission delay time is a function 
of the number of nodes, the larger the number of nodes in the 
ring system, the longer the elapsed time until protection 
sWitching completion. Therefore, according to the conven 
tional system, the high-speed protection sWitching cannot be 
achieved in the ring system, especially, one Which includes 
a large number of nodes. 

Alternatively, it is considered that the entire APS proces 
sor is separately formed With hardWare so as to increase in 
processing speed. HoWever, such a system results in the 
complicated circuit of the processing unit and an increased 
amount of hardWare. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a node 
of a netWork system Which can achieve the high-speed 
transfer of a control signal Without increasing the amount of 
hardWare in the netWork system. 

It is another object of the present invention to provide the 
pass-through control of each node of the netWork system 
Which can achieve the high-speed transfer of a control signal 
through intermediate nodes. 

It is still another object of the present invention to provide 
a control signal transferring method Which can achieve the 
high-speed protection against failures in the ring system. 

According to an aspect of the present invention, in a 
netWork system comprising a plurality of nodes each con 
necting a ?rst adjacent node and a second adjacent node, 
each node has a pass-through controller Which passes the 
control signal through the node When the control signal is 
not destined for the node. The node, receiving the control 
signal from the ?rst adjacent node, determines Whether the 
destination node of the control signal is the node. When the 
destination node of the control signal is not the node, the 
node transmits the control signal toWard the second adjacent 
node Without analyZing the control signal, that is, passes it 
therethrough. 
The control signal is analyZed by an analysis means Which 

performs an activity according to the control signal. The 
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pass-through controller is comprised of a selector for select 
ing a single output signal from the control signal and an 
output signal of the analysis means such that the control 
signal is selected When the destination node of the control 
signal is not the node. The single output signal is transmitted 
toWard the second adjacent node. 
A netWork system according to the present invention is 

comprised of a plurality of nodes each connecting a ?rst 
adjacent node and a second adjacent node. Each node is 
comprised of a receiving means for receiving a control 
signal from the ?rst adjacent node, the control signal being 
destined for a destination node in the netWork system; a ?rst 
means for analyZing the control signal to perform an activity 
according to the control signal; a second means provided 
separately from the ?rst means, for storing the control signal 
so as to pass the control signal through the node When a 
predetermined condition is satis?ed; a selecting means for 
selecting a single output signal from a ?rst output signal of 
the ?rst means and a second output signal of the second 
means such that the second output signal of the second 
means is selected When the predetermined condition is 
satis?ed; and a transmitting means for transmitting the 
single output signal toWard the second adjacent. 

Preferably, the second means is comprised of a ?rst 
storage means for storing the control signal; a ?rst deter 
mining means for determining Whether the destination node 
of the control signal is the node; a second storage means for 
storing a previous control signal Which has been received by 
the receiving means; and a second determining means for 
determining Whether the control signal is identical to the 
previous control signal. The selecting means selects the 
second output signal of the second means When the ?rst 
determining means determines that the destination node of 
the control signal is not the node and the second determining 
means determines that the control signal is not identical to 
the previous control signal. The ?rst means and the second 
means are concurrently initiated When the control signal is 
received by the receiving means. 

Since the control signal is passed through the node Which 
is not its ?nal destination node, the pass-through time of the 
intermediate node determination means is almost negligible 
compared With the processing time in the control signal 
analysis means Which performs an activity according the 
control signal. Therefore, by using the intermediate node 
determination means in parallel With the control signal 
analysis means, a dramatically reduced time required for 
control signal pass-through can be achieved With simple 
structure and the reduced amount of hardWare. Since the 
protection control signal rapidly passes through each of the 
intermediate nodes, a high-speed self-healing is achieved in 
a ring netWork system such as the BLSR system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a 4-?ber BLSR system 
in order to give an explanation for the transfer of APS bytes; 

FIG. 2A is a schematic diagram shoWing an APS bytes in 
an idle state; 

FIG. 2B is a schematic diagram shoWing an APS bytes in 
a sWitching state; 

FIG. 3 is a schematic block diagram shoWing the con 
ventional circuit of a node; 

FIG. 4 is a block diagram shoWing the circuit of an APS 
processor according to an embodiment of the present inven 
tion; 

FIG. 5 is a detailed block diagram shoWing the circuit of 
an intermediate node determination processor included in 
the APS processor according to the embodiment; and 
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4 
FIG. 6 is a How chart shoWing an operation of the APS 

processor. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 4, each node in the BLSR system as 
shoWn in FIG. 1 is comprised of a receiver 101, a processing 
unit including an APS processor 102 Which is implemented 
by means of program control, and a transmitter 103. The 
APS processor 102 implements an APS-byte analysis pro 
cessor 104, an intermediate node determination processor 
105, and a selector 106 Which selects APS bytes from the 
outputs of the APS-byte analysis processor 104 and the 
intermediate node determination processor 105. The 
receiver 101 receives a signal from one adjacent node and 
outputs a current APS bytes APSi to both the APS-byte 
analysis processor 104 and the intermediate node determi 
nation processor 105. 

The APS-byte analysis processor 104, as described 
before, analyZes the current APS bytes APSi and performs 
appropriate activities such as the protection sWitching and 
con?rmation replying according to the received control data 
When the current APS bytes APSi is destined for its oWn 
node. The APS-byte analysis processor 104 may implement 
the appropriate activities required in the case Where the 
current APS bytes APSi is destined for its oWn node. 
Needless to say, the APS-byte analysis processor 104 may 
use the same processor as the APS-byte analysis processor 
12 as shoWn in FIG. 3. 

The intermediate node determination processor 105 deter 
mines Whether the current APS bytes APSi is destined for its 
oWn node. When the current APS bytes APSi is destined for 
another node, the intermediate node determination processor 
105 outputs the current APS bytes APSi to the selector 106, 
as is and, at the same time, outputs a selection signal SSE, of 
the logical value 1 to the selector 106 so that the selector 106 
selects the output of the intermediate node determination 
processor 105. On the other hand, When the current APS 
bytes APSi is at its ?nal destination node, the intermediate 
node determination processor 105 outputs a selection signal 
SSE, of the logical value 0 to the selector 106 so that the 
selector 106 selects the output of the APS-byte analysis 
processor 104. 

Referring to FIG. 5, the intermediate node determination 
processor 105 is provided With an APS bytes memory 201 
for storing the received APS bytes APSi. An ID detector 202 
reads the destination IDi of the APS bytes APSi from the 
APS bytes memory 201 and outputs it to a comparator (or a 
coincidence circuit) 203 Which compares its oWn IDO to the 
destination IDi of the APS bytes APSi. When the destination 
IDi of the APS bytes APSi is identical to its oWn IDO, in other 
Words, the APS bytes APSi is at its ?nal destination, the 
comparator 203 generates an inequality signal S ID of the 
logical value 0. On the other hand, When the destination ID, 
of the APS bytes APSi is not identical to its oWn IDO, in other 
Words, the APS bytes APSi is destined for another node, the 
comparator 203 generates an inequality signal S ID of the 
logical value 1. 
A comparator (or a coincidence circuit) 204 compares the 

current APS bytes APSi read from the APS bytes memory 
204 and the previous APS bytes APSi_1 read from a memory 
205. When the current APS bytes APSi is not identical to the 
previous APS bytes APSl-_1, the comparator 204 produces an 
inequality signal SAPS of the logical value 1. The memory 
205, receiving the inequality signal S APS of the logical value 
1, stores the current APS bytes APSi read from the APS bytes 
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memory 201. If the inequality signal S A P5 is of the logical 
value 0, the memory 205 continues storing the previous APS 
bytes APS,-_1. In other Words, the memory 205 is updated 
When the current APS bytes are different from the previous 
APS bytes. 

The inequality signal S ID and the inequality signal S A P5 
are provided to an AND gate 206 Which outputs the result as 
a selection signal SSE, to the selector 106 and as an output 
control signal to the APS bytes memory 201. In this 
embodiment, the selection signal SSE, of the logical value 1 
is produced When both the inequality signal SID and the 
inequality signal S A P5 are of the logical value 1, causing the 
current APS bytes APS,- to be transferred from the APS bytes 
memory 201 to the selector 106 Which selects the current 
APS bytes APSi. In other Words, the APS processor 102 
enters the full pass-through state When the APS bytes APS, 
is destined for another node and is not identical to the 
previous one. 

Since the APS bytes are Written onto the APS bytes 
memory 201 and then read from the same When in the full 
pass-through state, the pass-through time TTHR elapsed from 
receiving to transmitting the APS bytes is of the order of 
several tens of nanoseconds. Compared With the processing 
time TPRO of the APS-byte analysis processor 104, the 
intermediate node determination processor 105 achieves the 
dramatically reduced time required for APS pass-through. 

It should be noted that the APS bytes memory 201 may be 
shared betWeen the APS-byte analysis processor 104 and the 
intermediate node determination processor 105. Further, 
since the intermediate node determination processor 105 can 
be arranged With a small number of circuit elements, it may 
be formed With hardWare. 

The control including APS pass-through and APS analysis 
and processing is performed by the APS processor 102, 
Which Will be described hereinafter. 

Referring to FIG. 6, When receiving the APS bytes APS, 
from the receiver 101 (YES in step S301), the APS processor 
102 initiates concurrently both the APS-byte analysis pro 
cessor 104 and the intermediate node determination proces 
sor 105 after storing the APS bytes APSi into the APS bytes 
memory 201. The intermediate node determination proces 
sor 105 reads the destination ID, of the APS bytes APSi from 
the APS bytes memory 201 (step S302), and then determines 
Whether its oWn IDO is identical to the destination ID,- of the 
APS bytes APSi (step S303). 

If the destination ID,- of the APS bytes APS,- is identical to 
its oWn IDO, the APS processor 102 stops the intermediate 
node determination processor 105 With the selector 106 
selecting the APS-byte analysis processor 104 (step S304). 
Therefore, con?rmation APS bytes produced by the APS 
byte analysis processor 104 are selected and transferred to 
the transmitter 103 by the selector 106. 
On the other hand, When the destination ID,- of the APS 

bytes APS,- is not identical to its oWn IDO (NO in step S303), 
the APS processor 102 performs the pass-through control 
(step S305). More speci?cally, as described before, the 
intermediate node determination processor 105 outputs the 
selection signal SSE, of the logical value 1 to the selector 106 
so that the selector 106 selects the output of the intermediate 
node determination processor 105. Therefore, the current 
APS bytes APS,- read from the APS bytes memory 201 are 
transferred to the transmitter 103 through the selector 106. 

In this manner, the APS processor 102 repeats the steps 
S301—S305 until the process is terminated (step S306). As 
described above, the pass-through time TIHR elapsed from 
receiving to transmitting the APS bytes is of the order of 
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6 
several tens of nanoseconds. Compared With the processing 
time TPRO= DET+TGEN+TOUT of the order of several mil 
liseconds in the APS-byte analysis processor 104, the pass 
through time TTHR of the intermediate node determination 
processor 105 is almost negligible. Therefore, by using the 
intermediate node determination processor 105 in parallel 
With the APS-byte analysis processor 104, the dramatically 
reduced time required for APS pass-through can be achieved 
With simple structure and a reduced amount of hardWare. 
Since the APS bytes rapidly passes through each of the 
intermediate nodes, a high-speed self-healing is achieved in 
the BLSR system as shoWn in FIG. 1. 
What is claimed is: 
1. AnetWork system comprising a plurality of nodes each 

connecting a ?rst adjacent node and a second adjacent node, 
each one of the nodes comprising: 

a receiving means for receiving a control signal from the 
?rst adjacent node, the control signal being destined for 
a destination node in the netWork system; 

a determining means for determining Whether the desti 
nation node of the control signal is the node; 

a pass-through control means for transmitting the control 
signal toWard the second adjacent node Without ana 
lyZing the control signal When the destination node of 
the control signal is not the node; and 

an analysis means for analyZing the control signal 
received by the receiving means to perform an activity 
according to the control signal, the analysis means 
being initiated concurrently With the determining 
means, Wherein said activity includes the generation of 
a neW address for said control signal. 

2. The netWork system according to claim 1, Wherein the 
pass-through control means comprises: 

a selecting means for selecting a single output signal from 
the control signal and an output signal of the analysis 
means such that the control signal is selected When the 
destination node of the control signal is not the node; 
and 

a transmitting means for transmitting the single output 
signal toWard the second adjacent node. 

3. A node of the netWork system according to claim 1. 
4. AnetWork system comprising a plurality of nodes each 

connecting a ?rst adjacent node and a second adjacent node, 
each one of the nodes comprising: 

a receiving means for receiving a control signal from the 
?rst adjacent node, the control signal being destined for 
a destination node in the netWork system; 

a ?rst means for analyZing the control signal to perform 
an activity according to the control signal, Wherein said 
activity includes the generation of a neW address for 
said control signal; 

a second means provided physically separate from, but 
operating concurrently With, the ?rst means, for storing 
the control signal so as to pass the control signal 
through the node When a predetermined condition is 
satis?ed; 

a selecting means for selecting a single output signal from 
a ?rst output signal of the ?rst means and a second 
output signal of the second means such that the second 
output signal of the second means is selected When the 
predetermined condition is satis?ed; and 

a transmitting means for transmitting the single output 
signal toWard the second adjacent node. 

5. The netWork system according to claim 4, Wherein the 
second means comprises: 
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a ?rst storage means for storing the control signal; and 

a ?rst determining means for determining Whether the 
destination node of the control signal is the node. 

6. The netWork system according to claim 5, Wherein the 
second means further comprises: 

a second storage means for storing a previous control 
signal Which has been received by the receiving means; 
and 

a second determining means for determining Whether the 
control signal is identical to the previous control signal. 

7. The netWork system according to claim 6, Wherein the 
selecting means selects the second output signal of the 
second means When the ?rst determining means determines 
that the destination node of the control signal is not the node 
and the second determining means determines that the 
control signal is not identical to the previous control signal. 

8. The netWork system according to claim 5, Wherein the 
selecting means selects the second output signal of the 
second means When the ?rst determining means determines 
that the destination node of the control signal is not the node. 

9. A node of the netWork system according to claim 4. 
10. A netWork system comprising a plurality of nodes 

each connecting a ?rst adjacent node and a second adjacent 
node, each one of the nodes comprising: 

a receiving means for receiving a control signal from the 
?rst adjacent node, the control signal being destined for 
a destination node in the netWork system; 

a ?rst means for analyZing the control signal to perform 
an activity according to the control signal, Wherein said 
activity includes the generation of a neW address for 
said control signal; 

a second means operating concurrently With said ?rst 
means for storing the control signal; 

a control means for controlling the ?rst means and the 
second means such that a ?rst output signal of the ?rst 
means is selected When the destination node of the 
control signal is the node and a second output signal of 
second means is selected When the destination node of 
the control signal is not the node; and 

a transmitting means for transmitting a selected output 
signal of the ?rst and second output signals toWard the 
second adjacent. 

11. The netWork system according to claim 10, Wherein 
the second means comprises: 

a ?rst storage means for storing the control signal; and 
a ?rst determining means for determining Whether the 

destination node of the control signal is the node. 
12. The netWork system according to claim 11, Wherein 

the second means further comprises: 
a second storage means for storing a previous control 

signal Which has been received by the receiving means; 
and 

a second determining means for determining Whether the 
control signal is identical to the previous control signal. 

13. The netWork system according to claim 12, Wherein 
the control means selects the second output signal of the 
second means When the ?rst determining means determines 
that the destination node of the control signal is not the node 
and the second determining means determines that the 
control signal is not identical to the previous control signal. 

14. The netWork system according to claim 11, Wherein 
the control means selects the second output signal of the 
second means When the ?rst determining means determines 
that the destination node of the control signal is not the node. 

15. A node of the netWork system according to claim 10. 
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16. A netWork system comprising a plurality of nodes in 

a ring con?guration, each node connecting a ?rst adjacent 
node and a second adjacent node, and the nodes being 
connected through a Working line and a protection line, each 
one of the nodes comprising: 

a receiving means for receiving a protection control signal 
from the ?rst adjacent node, the protection control 
signal being destined for a destination node and being 
used for protection against failures in the netWork 
system; 

a ?rst means for analyZing the protection control signal to 
perform a protection activity according to the protec 
tion control signal, Wherein said activity includes the 
generation of a neW address for said control signal; 

a second means provided physically separate from, but 
operating concurrently With, the ?rst means, for storing 
the protection control signal so as to pass the protection 
control signal through the node When a predetermined 
condition is satis?ed; 

a selecting means for selecting a single output signal from 
a ?rst output signal of the ?rst means and a second 
output signal of the second means such that the second 
output signal of the second means is selected When the 
predetermined condition is satis?ed; and 

a transmitting means for transmitting the single output 
signal toWard the second adjacent. 

17. A node of the netWork system according to claim 16. 
18. Amethod for transferring a control signal in a netWork 

system comprising a plurality of nodes, each connecting a 
?rst adjacent node and a second adjacent node, the method 
comprising the steps of: 

at each one of the nodes, 

receiving a control signal from the ?rst adjacent node, the 
control signal being destined for a destination node in 
the netWork system; 

determining Whether the destination node of the control 
signal is the node; 

analyZing, concurrently With said determining step, the 
control signal to perform an activity according to the 
control signal, the activity producing a replying control 
signal and generating a neW address for said control 
signal; and 

transmitting the control signal toWard the second adjacent 
Without analyZing the control signal When the destina 
tion node of the control signal is not the node. 

19. The method according to claim 18, Wherein the 
transmitting step comprises the steps of: 

selecting a single output signal from the control signal and 
the replying control signal such that the replying con 
trol signal is selected When the destination node of the 
control signal is not the node; and 

transmitting the single output signal toWard the second 
adjacent node. 

20. Amethod for transferring a control signal in a netWork 
system comprising a plurality of nodes, each node connect 
ing a ?rst adjacent node and a second adjacent node, the 
method comprising the steps of: 

at each one of the nodes, 
receiving a control signal from the ?rst adjacent node, the 

control signal being destined for a destination node in 
the netWork system; 

analyZing the control signal to perform an activity accord 
ing to the control signal, the activity producing a 
replying control signal and generating a neW address 
for said control signal; 
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storing, concurrently With said analyzing step, the control 
signal so as to pass the control signal through the node 
When a predetermined condition is satis?ed; 

selecting a single output signal from the replying control 
signal and the control signal such that the control signal 
is selected When the predetermined condition is satis 
?ed; and 

transmitting the single output signal toWard the second 
adjacent. 

21. Arnethod for transferring a control signal in a network 
system comprising a plurality of nodes in a ring 
con?guration, each node connecting a ?rst adjacent node 
and a second adjacent node, and the nodes being connected 
through a Working line and a protection line, the method 
comprising the steps of: 

at each one of the nodes, 

receiving a protection control signal from the ?rst adja 
cent node, the protection control signal being destined 

15 
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for a destination node and being used for protection 
against failures in the network system; 

analyZing the protection control signal to perform a 
protection activity according to the protection control 
signal, the protection activity producing a replying 
control signal and generating a neW address for said 
control signal; 

storing, concurrently With said analyZing step, the pro 
tection control signal so as to pass the protection 
control signal through the node When a predetermined 
condition is satis?ed; 

selecting a single output signal from the replying control 
signal and the control signal such that the control signal 
is selected When the predetermined condition is satis 
?ed; and 

transmitting means for transmitting the single output 
signal toWard the second adjacent. 

* * * * * 
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